This doesn't seem to be so in quantum mechanics. The uncertainties and the linkages seem to damage or destroy the independence and objectivity of these attributes. Yet, when an experimenter measures a position or a momentum, the datum comes up such and so with no apparent difference from a measurement in classical physics. It seems quite real.
Where do precision and actuality enter? It seems to be somewhere connected with the act of measurement. And so arises the long and agonized debate over the effect of an act of measurement on reality in quantum mechanics, a question that simply doesn't exist in classical physics. A variety of positions have been taken and are hotly argued, but the one associated with Bohr's Copenhagen school goes roughly like this: The act of measurement has a very important effect on the reality of things. The physical attributes in question (and some have gone so far as to say the objects themselves) are at most potentially real. The act of measurement makes them actual. E instein could not put up with any of this. He insisted that objects must have physical attributes that are always actual and real, quite independently of any observer or act of measurement. Quantum mechanics has all these uncertainties because it is an incomplete theory. It does not tell enough because it does not know enough. There are aspects of the situation that we do not see, the famous "hidden variables." If we could know these hidden variables, the problems would drop away, and the quantum world would reveal itself to be as precise and objective as the classical world.
Bohr's response to this was that quantum mechanics is all the theory we are going to get, and we had better content ourselves with dealing on its terms.
Instead of looking for hidden variables directly-how do you look for something when you don't know what it is you are looking for? -Einstein and his followers devised challenges for quantum theory by which they hoped to drive it into paradox on its own terms. One problem here is that you have to be careful of your paradox. Quantum theory contains built-in paradoxes, which its supporters tend to accept as part of nature depending on their philosophical predilections, and if you present them with a certain paradox, they may say, "So what?"
In 1935 Einstein, with Boris Podolsky and Nathan Rosen, published a description of a hypothetical situation they thought would confound quantum mechanics. It is known as the EinsteinPodolsky-Rosen paradox. Now, on its 50th anniversary, the EPR paradox seems finally to have been "refuted," according to Mermin.
T _ he EPR paradox takes off from the phenomenon of correlation. Suppose an atom emits two photons of light in a single process and they go off in opposite directions. These two photons are correlated with each other by the terms of their origin. Let's suppose their polarizations are opposite: If you measure the polarization of photon A to be left at any instant, photon B's has to be right at the same instant.
Can such a correlation maintain itself over long distances? If one set up detectors at opposite ends of the room (which from the atom's point of view is an astronomical distance), would the measurements show it? It might seem obvious to many people that they should, but many physicists would question that. To them it looks like "action at a distance," and action at a distance has been uncomfortable for physicists since Isaac Newton: They don't like the idea of one thing influencing another without some physical connection between them, a string, a light beam, a radio wave. Here, as the photons are each traveling at the speed of light, nothing physically known can go between them.
In quantum theory this kind of correlated beginning means that there is one wave equation that describes the states of both photons for all time and space, no matter how far they get f rom one another. Various qualified observers are judging this as the final word on the EPR paradox. They say it means that hidden variables are not there, that quantum mechanics is what it is, and we have to live with it. The spooks seem to be loose in physics. Or, as Bohr said: "We must still be prepared for new surprises." C]
